Abstract-Design-based estimators, which have well known statistical properties, exist for random sampling survey designs and provide unbiased estimates of the mean and variance of summary catch statistics. Although application of these estimators to fixed-station surveys is not technically valid, they can result in unbiased differences between years if the data exhibit spatial persistence A persistent system is one in which the differences in relative abundance of a population that are recorded at fixed stations are consistent from year to year (i.e., there is no interaction between station and years in a 2-way classification). In a fully persistent system, the changes in relative abundance derived from fixed stations will be unbiased. In this study, the persistence in relative abundance data collected from a fixed-station survey intended to monitor juveniles of economically important species is evaluated. The results can be used to infer those species for which changes in relative abundance estimated from fixed-station surveys will be more accurate than changes in relative abundance estimated from random surveys.
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Abstract-Design-based estimators, which have well known statistical properties, exist for random sampling survey designs and provide unbiased estimates of the mean and variance of summary catch statistics. Although application of these estimators to fixed-station surveys is not technically valid, they can result in unbiased differences between years if the data exhibit spatial persistence A persistent system is one in which the differences in relative abundance of a population that are recorded at fixed stations are consistent from year to year (i.e., there is no interaction between station and years in a 2-way classification). In a fully persistent system, the changes in relative abundance derived from fixed stations will be unbiased. In this study, the persistence in relative abundance data collected from a fixed-station survey intended to monitor juveniles of economically important species is evaluated. The results can be used to infer those species for which changes in relative abundance estimated from fixed-station surveys will be more accurate than changes in relative abundance estimated from random surveys.
Sampling is essential for studying fish populations. The primary objective for many fisheries-independent surveys is to monitor the relative abundance of a population, which is an important input for stock assessments and management considerations. A wide variety of survey designs can be used to monitor relative abundance. The advantage of statistically designed surveys (e.g., stratified random) is they are associated with design-based estimators for which the statistical properties are well known. These design-based estimators are designed to provide unbiased estimates of the mean and variance (when the survey design is implemented properly).
What about fixed-station surveys? There are no design-based estimators associated with fixed-station sampling and therefore there are no estimators that guarantee unbiased statistics for these surveys. Random surveys are designed to provide an unbiased estimate of the mean, whereas fixedstation surveys, in general, provide a biased estimate; however, the magnitude of that bias could be anywhere from negligible to substantial. There is no way of determining the extent of this bias from the data themselves. Bias in any given year may be of little consequence if changes in relative abundance between years is accurately reflected by the changes in the index of relative abundance (Warren, 1994) . This is determined through the property of persistence.
Persistence, in this study, is the constancy of differences in the patterns of relative abundance at fixed locations during sampling years (Warren, 1994) . The greater the persistence, the greater the ability to detect interannual changes in relative abundance. In a fully persistent situation (Fig. 1A) , changes in relative abundance from fixed-station surveys from year to year will be unbiased and more accurate than changes in relative abundance estimated from a random sampling design. In the case of a complex and changeable spatial pattern in relative abundance (i.e., where distribution pattern varies from year to year; Fig. 1B ), a fixedstation design will result in biased estimates except in exceptional and unlikely circumstances (ICES 1 ). A randomized design leads to unbiased estimates even in a case of a complex and changeable spatial pattern in relative abundance.
Our objective was to evaluate the persistence of relative abundance for selected species collected from one of the fixed-station trawl surveys conducted by the North Carolina Division of Marine Fisheries (NCDMF). Relative abundance indices derived from this survey have been provided to the stock assessment work groups at the NCDMF, the Atlantic States Marine Fisheries Commission, and university researchers. The survey data have been used to characterize nursery area habitat, help designate new nursery areas, and have also been important for the federal designation of Essential Fish Habitat.
Materials and methods

Data
The NCDMF has operated the statewide Estuarine Trawl Survey, also known as Program 120, since 1971. The main objectives for the survey are to identify primary nursery areas and produce annual recruitment indices for economically important species. The survey has also been used to monitor species distribution by season and area and to evaluate environmental impact projects. The survey targets Atlantic croaker (Micropogonias undulatus), Atlantic menhaden (Brevoortia tyrannus), southern flounder (Paralichthys lethostigma), spot (Leiostomus xanthurus), summer flounder (P. dentatus), weakfish (Cynoscion regalis), blue crab (Callinectes sapidus), brown shrimp (Farfantepenaeus aztecus), pink shrimp (F. duorarum), and white shrimp (Litopenaeus setiferus).
The survey samples were collected in shallow-water areas of the Pamlico Sound system in North Carolina and waters south to the North Carolina-South Carolina border. Selection of stations was nonrandom. Major changes in sampling methods occurred in 1978 and 1989. In 1978, tow times were standardized to 1 min during daylight hours. In 1989, survey data were analyzed to determine a more efficient sampling time frame (until then sampling occurred year-round). This analysis identified a fixed set of 105 core stations and sampling was reduced to May and June only, except for July when weakfish were sampled (dropped in 1998; sampling in July was reinitiated in 2004 for spotted seatrout), and only a trawl with a 3.2-m (10.5-ft) headrope and with 6.4-mm (0.25-in) bar mesh would be used. Each station was sampled once per month.
The current sampling gear consists of a 2-seam otter trawl with a 3.2-m headrope, 6.4-mm bar mesh with body netting of 210/6-size twine, and a tailbag made of 3.2-mm Deltastyle knotless nylon and with a 150-mesh circumference and 450-mesh length. Three loops of 4.8-mm (0.19-inch) chain are hung on each wing. A 4.8-mm diameter tickler chain is used and 2 floats, each 76.2-mm (3-inch)×101.6-mm (4-inch), are attached to the center of the headrope. The gear is towed for 1 min during daylight hours during similar tidal stages and covers 68.6 m (75 yards).
Environmental data are recorded during each sampling event and include depth, temperature, salinity, dissolved oxygen, wind speed, and direction. Additional habitat fields were added in 2008.
Analysis
Because not all stations were sampled in May of the first year (1978) we used data collected from 1979 through 2016 and limited the analysis to those data collected from stations within the Pamlico Sound system. Only those stations sampled in both May and June over the selected period were included-a total of 29 stations for analysis (Fig. 2) .
We first calculated the frequency of occurrence for each target species based on the number of tows the species was present in out of all possible tows during 1979 through 2016 (29 stations×2 months×38 years=2204 total tows). Indices of relative abundance were then calculated for all target species to provide estimates of trends in abundance over time. The Mann-Kendall test was applied to the indices to evaluate temporal trends. The Mann-Kendall test is a nonparametric test used to evaluate a monotonic trend in time-ordered data (Gilbert, 1987) . The null hypothesis is that the time series is independent (observations are not serially correlated over time) and identically distributed (i.e., there is no significant trend across time, and therefore monotonic , we applied a 2-way analysis of variance (ANOVA) to test the significance of the interaction of year and station for each target species. This analysis was conducted in R with the aov function in the stats package (R Core Team, 2017). Samples collected at the same station during May and June within the same year were considered replicates in order that the interaction term could be tested. The interaction was considered significant at α=0.05. A significant interaction indicates a lack of persistence. Main effects were also included in the ANOVA but the results are not presented here.
Results
The target species range widely in frequency of occurrence from being present in less than 2% of tows (summer flounder) to being present in over 98% of tows (for spot) ( Table 1) .
The indices of relative abundance exhibit considerable interannual variability for all species (Fig. 3) . Statistically significant decreasing trends were de- tected for Atlantic croaker, Atlantic menhaden, spot, and weakfish (Table 2) . Statistically significant increasing trends were found for southern flounder, brown shrimp, and white shrimp. No statistically significant trends were present in the indices of relative abundance for summer flounder, blue crab, or pink shrimp. The results of the 2-way ANOVA tests for main interaction effects indicate a lack of persistence (i.e., of statistically significant interaction) for Atlantic croaker, southern flounder, blue crab, and brown shrimp (Table 3) . The data for all other target species showed the presence of persistence over the time period and stations analyzed.
Discussion
The idea of persistence made its first appearance in the primary literature in Warren's article (1994) on sampling with partial replacement. Despite the ubiquity of fixed-station surveys, the practice of testing for persistence has largely been ignored. A cited reference search (via Web of Science Core Collection) identified 7 papers that referenced Warren (1994). Of these articles, only one evaluated persistence in a fixed-station sampling survey (Li et al., 2015) . Another briefly described the idea of persistence (Kimura and Somerton, 2006) . Given that bias can be introduced into a relative abundance index by a lack of persistence, it seems reasonable to recommend that persistence be routinely evaluated and documented for fixed-station surveys.
The results of this study suggest that the presence of persistence is species-specific within the NCDMF Estuarine Trawl Survey. A lack of persistence was shown for Atlantic croaker, southern flounder, blue crab, and brown shrimp and indicated that this survey may be ineffective in tracking abundance for some of its target species, at least for the time series and stations In summary, fixed-station sampling is acceptable when random sampling is impractical, so long as persistence is evaluated and is present for the species of interest. Fixed-station surveys can be easier to implement, especially if a substantial part of the target sampling area is inaccessible to the gear. Van der Meer (1997) found that fixed-station sampling could have a higher power of detecting change over time than random sampling. In another comparison of fixed and random designs, Quist et al. (2006) found that a fixedstation design can provide a more sensitive measure of temporal variation.
How the data collected from a fixed-station survey will be used should be carefully considered. If bias in annual changes is a concern, persistence should be evaluated so that the data can be examined in context. This approach is especially important if the survey is going to be used to develop a relative index of abundance for use in a stock assessment because it is currently unknown how that bias may affect stock as-sessment results and subsequent management. Alternatively, one could use geostatistical modeling to produce unbiased estimates, thereby avoiding the pitfalls of applying design-based estimators to fixed-station survey data (e.g., Rivoirard et al., 2000) .
